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(54) EXPLOSION-PROOF VALVE DEVICE FOR NONAQUEOUS ELECTROLYTE BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an explosion proof valve device capable 
of accurately exhausting gas, when the internal pressure in a battery is increased by 
the misuse of the battery or an accidental state, increasing electrolyte leakage 
resistance, as well as enhancing safety and reliability. 

SOLUTION: An explosion-proof valve device has a sealing plate 2 for sealing the 
opening part of a case 1 and having an explosion-proof valve hole 4 sealed with a 
resin film 2b, a rivet 5 inserted into the central part of the sealing plate 2 and also 
serving as a terminal, a resin upper insulating gasket 6 for insulating the sealing plate 
2 from the rivet 5, and a metallic washer 7 for electrically connecting the rivet 5 and a 
lead plate having the same polarity of an electrode group 11 via a lower insulating 
gasket 8 of the rivet 5. 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is the thing of a thin nonaqueous electrolyte cell concerning the 

explosion-proof valve gear of the obturation board especially. 

[0002] 

[Description of the Prior Art] In recent years, the request of small, lightweight, and the formation of high-energy density has 
become strong to the cell which is the power supply for a drive with cordless-izing of a transmitter, an AV equipment, and a 
personal computer, and portable-izing. Especially a lithium secondary battery is a cell which has high-energy density, and is 
expected as a prime cell of the next generation, and the potential market size is also large. Moreover, as a configuration, the 
requests of a square shape cell are mounting also from a viewpoint of a deployment of thin-shape-izing of a device, or the 
space of a device, 

[0003] However, in the misuse of cells, such as a short circuit, overcharge, and reverse charge, and the unusual situation, gas 
may have occurred within the cell by decomposition of the electrolytic solution or an active material, and the lithium 
secondary battery may have exploded and ignited, when it was accumulated and cell internal pressure rose rapidly. 
[0004] In order to prevent rapid internal pressure elevation of such a cell beforehand, as shown in JP,2-1 1215 1, A, it has the 
explosion-proof valve deformed with elevation of internal pressure, and when a cell internal pressure value reaches a 
predetermined value, the explosion-proof valve gear which emits the gas which the explosion-proof valve fractured and was 
accumulated in the cell out of a cell is known. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the cell equipped with the above explosion-proof valve gears was 
difficult for having a complicated current breaker style or a complicated explosion-proof construction, having to provide 
many mspection processes in a manufacturing process, since the structure is complicated, and obtaining a reliable 
explosion-proof valve gear. 

[0006] this invention offers the explosion-proof valve gear which has high reliability as compared with the aforementioned 

conventional example. 

[0007] 

[Means for Solving the Problem] The obturation board which the composition of this invention obturated opening of a group 
of electrode, the case which contains the electrolytic solution inside, and the aforementioned case, and was equipped with the 
explosion-proof valve, The up insulating gasket made of a resin which insulates the rivet which serves as the terminal 
arranged by the aforementioned obturation board, and the aforementioned obturation board and the aforementioned rivet. The 
lower part of the aforementioned rivet is equipped with the metal washer which connects electrically the aforementioned rivet 
and the lead board of like-pole nature through the lower insulating gasket made of a resin, the aforementioned obturation 
board The hole for explosion-proof valves is prepared in the cover plate, and it is constituted so that the lower part of the 
aforementioned hole for explosion-proof valves may be covered by the polypropylene resin film. 
[0008] The polypropylene resin fihn of the explosion-proof valve prepared in the obturation board fractures by this to the 
misuse of cells, such as a short circuit, overcharge, and reverse charge, and elevation of the cell internal pressure in the 
unusual situation, and it becomes possible by discharging the gas in a cell to prevent effectively a temperature rise and 
elevation of cell internal pressure with a rapid cell. In addition, as the quality of the material of the resin film which is an 
explosion-proof valve, one kind chosen from a polyethylene-terephthalate resin, a perfluoro-alkoxy flg goresin ^^and 
polysulphone resin besides polypropylene is suitable. 

[0009] Moreover, the pressure which 10-100 micrometers is suitable for the thickness of a resin film, and a resin fihn 
fractures is 2 - 15 kgf^cm2. By setting up, a temperature rise and elevation of cell internal pressure with a rapid cell can be 
prevented more effectively. 

[0010] Moreover, welding of the metal plate which is made to deform the hole upper surface for explosion-proof valves into 
the upper surface of the hole for explosion-proof valves so that it may have the needlelike height which projects in the 
direction of a center of the hole for explosion-proof valves, or has a needlelike height in the direction of an inferior surface of 
tongue of the hole for explosion-proof valves obtains the pressure which the resin fihn stabilized more fractures. 
[001 1] The explosion-proof valve of the aforementioned obturation board moreover, by considering as the composition which 
welds [ of the hole for explosion-proof valves prepared in the cover plate ] an aluminum foil, or welds [ of a cover plate / 
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whole ] an aluminum foil The aluminum foil of the explosion-proof valve prepared in the obturation board fractures to the 
misuse of cells, such as a short circuit, overcharge, and reverse charge, and elevation of the cell internal pressure in the 
unusual situation, and it becomes possible by discharging the gas in a cell to prevent effectively a temperature rise and 
elevation of cell internal pressure with a rapid cell. The pressure which the thickness of 10-40 micrometers is suitable for the 
aforementioned aluminum foil, and an aluminum foil fractures is 2 - 15 kgf^cm2 in that case. By setting up, a temperature rise 
and elevation of cell internal pressure with a rapid cell can be prevented more effectively. 

[0012] Moreover, when the metal plate which is made to deform the hole upper surface for explosion-proof valves into the 
upper surface of the hole for explosion-proof valves so that it may have the needle like height which projects in the direction 
of a center of the hole for explosion-proof valves, or has a needlelike height in the direction of an inferior surface of tongue of 
the hole for explosion-proof valves is welded, the pressure which fractures the resin fibn stabilized more is obtained. 
[0013] Moreover, when it fabricates with one kind of quality of the material chosen from the polyethylene-terephthalate resin 
which excelled [ insulating gasket / the up msulating gasket and lower insulating gasket / of an obturation board ] in thermal 
resistance, and was excellent in electrolytic-solution-proof nature, a perfluoro-alkoxy fluororesin, polysulphone resin, and the 
polyphenylene-sulfide resin, respectively, it excels in combining them at liquid spill-proof nature, and a reliable obturation 
board is obtained. Moreover, when a lower insulating gasket is made into the configuration which bent in the direction of a 
group of electrode so that the metal washer which connects the lead board of a group of electrode electrically may be 
surrounded, contact to a washer and a group of electrode is prevented, and the high cell of safety is obtained. 
[0014] 

[Embodiments of the Invention] The case which contains a group of electrode and the electrolytic solution inside in the 
explosion-proof valve gear for nonaqueous electrolyte cells of this invention, The obturation board which obturated opening 
of the aforementioned case and welded the resin film for explosion-proof valves. The up insulating gasket which insulates the 
rivet which serves as the terminal inserted in the center section of the obturation board, and an obturation board and a rivet. It 
has the metal washer which connects electrically a rivet and the lead board of the like-pole nature of a group of electrode 
through the lower insulating gasket of a rivet, a case and an obturation board What could weld by laser welding and prepared 
the pouring-in mouth in the obturation board, That to which the periphery section of an obturation board was cratered in the 
concave, what has a circular hole for explosion-proof valves, The thing made to deform the hole upper surface for 
explosion-proof valves so that it may have the needlelike height which projects in the direction of a center of the hole for 
explosion-proof valves on the upper surface of the hole for explosion-proof valves. Or the thing which is welding the metal 
plate which has a needlelike lobe in the direction of an inferior surface of tongue of the hole for explosion-proof valves to the 
upper surface of the hole for explosion-proof valves, Moreover, that by which the lower part of the hole for explosion-proof 
valves of the cover plate of an obturation board or the whole inferior surface of tongue of a cover plate is welded by a wrap or 
ultrasonic welding in the aluminum foil with the aluminum foil can be made into an operation gestalt. 
[0015] 

[Example] Hereafter, the concrete example of this invention is explained, referring to a drawing. 
[0016] Drawing 1 is an example equipped with the explosion-proof valve gear for nonaqueous electrolyte cells of this 
invention of the cross section of a cell. 1 is the case of the square shape made from aluminum. 2 is an obturation board and the 
explosion-proof valve 3 is formed in plate-like cover-plate 2a made from aluminum. And the explosion-proof valve 3 is 
covered by resin film 2b of the product [ inferior surface of tongue / of the hole 4 for explosion-proof valves of cover-plate 2a 
] made from polypropylene. Laser welding of this obturation board 2 is carried out to the case 1 of a square shape. The rivet 
which 5 served as the iron terminal by which nickel plating was carried out, and was arranged in the center section of the 
obturation board 2, the up insulating gasket from which 6 insulates a rivet 5 with the obturation board 2, the iron washer with 
which nickel plating of 7 was carried out, and 8 are lower insulating gaskets which insulate a washer 7 with the obturation 
board 2. After inserting this rivet 5 in opening of the center section of the obturation board 2 through the up insulating gasket 
6 and arranging a washer 7 in the lower part of a rivet 5 through the lower insulating gasket 8, while taking the electrical 
installation of a rivet 5 and a washer 7 by closing a rivet 5, the insulation with cover-plate 2a is also secured. 9 is the 
pouring-in mouth which was able to be opened in cover-plate 2a, and 10 is a plug which closes the pouring-in mouth 9. 1 1 is 
the group of electrode by which press compression was carried out through separator at winding and the ellipse in the 
positive-electrode board and the negative-electrode board. 12 is welded to cover-plate 2a with the lead for positive-electrode 
current collection made from aluminum taken out from the positive-electrode board. Moreover, 13 is welded to the washer 7 
with the lead for negative-electrode current collection made from nickel taken out from the negative-electrode board. 
Therefore, the terminal with which a case 1 is a positive electrode and consists of a rivet 5 as a cell serves as a negative 
electrode. And with this obturation board 2, when the cell internal pressure by accumulation of the gas in the cell at the time 
of unusual use of the short circuit of a cell, overcharge, reverse charge, etc. rises, resin film 2b of the polypropylene of the 
hole 4 for explosion-proof valves prepared in the obturation board 2 is fractured, and it becomes possible by discharging the 
gas in a cell to prevent rapid elevation of cell internal pressure. 

[0017] The cell equipped with the explosion-proof valve gear for nonaqueous electrolyte cells of this invention was produced 
as follows. A positive-electrode board is LiCo02 which is an active material. After having plastered both sides of an 
aluminum foil with what was mixed the aquosity dispersion of polytetrafluoroethylene by the weight ratio of a solid content as 
an electric conduction agent, and was mixed at a rate of 100:3:10 as a binder, drying and rolling out carbon black, it cut in the 
predetermined size. The lead board for positive-electrode current collection made from aluminum is welded to this. The 
negative-electrode board made carbonaceous material the main material, and after plastering both sides of copper foil with 
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what was mixed at a rate of 100:5 by the weight ratio, drying and rolling out this and a styrene-butadiene-rubber system 
binder, it cut it in the predetermined size. The lead for negative-electrode current collection made fi-om nickel is welded to 
this. Separator is a fine porosity film made fi*om polyethylene. Winding and the upper surface make a positive-electrode board 
and a negative-electrode board the group of electrode of an ellipse through separator. 

[0018] The lead 13 for plate current collection is welded to the obturation board 2, it inserts in the case 1 of a square shape, 
and the obturation board 2 and a case 1 are obturated by laser welding. As shown in drawing 1 , laser spot welding of the lead 
12 for positive-electrode current collection was carried out to cover-plate 2a of the obturation board 2 made fi-om aluminum, 
and the lead 13 for negative-electrode current collection was welded by resistance to the iron washer 7 by which nickel 
plating was carried out. Next, it carries out specified quantity pouring in of the electrolytic solution fi-om the pouring-in mouth 
9. In this example, the pipe with which the ring made of rubber is attached at the nose of cam of the pouring-in mouth 9 is 
inserted. As for the pipe, it has the method cock of three, and one side is connected [ another side ] to the pump into which the 
electrolytic solution went at the vacuum pump for one side at the cell. 

[0019] The inside of a cell is lengthened to reduced pressure with a vacuum pump through a pipe. Next, clysis was performed 
by the method of changing a cock and pouring in the electrolytic solution fi"om a pump. Pouring of the electrolytic solution 
becomes easy by lengthening the inside of a cell to reduced pressure at once. What dissolved the 6 fluoride [ phosphoric-acid 
] lithium in the solvent which mixed ethylene carbonate and diethyl carbonate by the mole ratio 1 :3 by the concentration of 
one mo 1/1. as a solute was used for the electrolytic solution, 

[0020] (Example 1) The lower insulating gasket 8 which insulates a washer 7 with the up insulating gasket 6 which insulates a 
rivet 5 with the obturation board 2, and the obturation board 2 is explained. Generally as a resin material, polypropylene resin 
is used by the nonaqueous electrolyte cell. This resin has the technical problem in elevated-temperature thermal resistance, 
although a moldability is good and cost is also widely used with the coin type lithium cell etc. the low sake. In order to carry 
out laser welding of the obturation board 2 of this invention to a case 1 in the laser-welding section 14, we are anxious about 
the thermal effect to a resin, and to be a thermal comparatively stable resin is desired. The existing data, such as 
organic-solvent-proof nature and thermal resistance, were narrowed down to reference at four kinds, polypropylene 
(henceforth PP), a perfluoro-alkoxy fluororesin (henceforth PFA), polysulphone resin (henceforth PS), and a 
polyphenylene-sulfide resin (henceforth PPS), and this example estimated combining each to the up insulating gasket 6 and 
the lower insulating gasket 8. The obturation board 2 and the cell were produced using these resins, and the resin was selected 
by performing the cell liquid spill examination at the time of elevated-temperature preservation. The rate of a liquid spill of 
each cell (every n= 100 cell) was shown in Table 1 . In addition, after saving a liquid spill test method at -50 degrees C for 1 
hour, it counted the number of the cell liquid spill articles after 1000 cycles by making into 1 cycle the process saved at 100 
degrees C for 1 hour. 


[0021] 
Table 1] 






PR 

PP 

70% 

PFA 

PP 

10% 

PP 

PPS 

40% 

PFA 

PFA 

0% 

PS 

PS 

0% 

PPS 

PPS 

0% 

PFA 

PPS 

0% 

PPS 

PS 

0% 

PS 

PFA 

0% 


[0022] Liquid spill-proof nature improves by leaps and bounds by using PFA, PS, and PPS to PP currently used 
conventionally in an obturation plate structure like this invention, as shown in Table 1. Moreover, even if it combines PFA, 
PS, and PPS arbitrarily in addition to table 1, liquid spill-proof nature is securable. 
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[0023] (Example 2) The advantage which forms the needlelike height 15 in the upper surface of the hole 4 for 
explosion-proof valves of the obturation board 2 in the direction of an inferior surface of tongue of a hole is explained. In this 
invention, the hole 4 for explosion-proof valves is formed in cover-plate 2a of the obturation board 2, and although the wrap 
explosion protection valve structure is carried out by PP film, when cell internal pressure rises unusually and the 
explosion-proof valve 3 operates, PP film swells up and fractures the inferior surface of tongue after that. Therefore, a valve 
working pressure is greatly influenced with the thickness of PP film, the configuration of the hole 4 for explosion-proof 
valves, etc. 

[0024] In this invention, as shown in drawing 2 , on the upper surface of the hole 4 for explosion-proof valves, by welding the 
metal plate 16 which has the needlelike height 15 in the direction of an inferior surface of tongue of the aforementioned hole 4 
for explosion-proof valves, the fi"acture position of the explosion-proof valve 3 can be limited at the time of an 
explosion-proof valve action, and stabilization of a working pressure can be attained. Variation in the working pressure in the 
case where it does not prepare with the case where the needlelike height 15 is formed in the upper surface of such a hole 4 for 
explosion-proof valves was compared. The result was shown in Table 2. 


[0025] 



Table 2] 




#f^»E¥l$)[k«f/cm*] 



9.8 

0.4 


10.1 

0.9 


[0026] The way in which the needlelike height 15 was formed so that more clearly than Table 2 is stabilized by variation few. 
Moreover, although the metal plate 16 which has the needlelike height 15 was welded in this example, as shown in drawing 3 
, a part of cover-plate 2a upper surface of the obturation board 2 may be made to deform, and the needlelike height 15 may be 
formed. 

[0027] (Example 3) The valve working pressure of the explosion-proof valve 3 of the obturation board 2 is explained using 
drawing 4 . At the time of the usual cell use, the explosion-proof valve 3 has the sealing nature of a cell, and at the tune of 
rapid elevation of the cell internal pressure at the time of unusual use of a cell, in order [ the ] to carry out a valve action 
certainly and to emit the gas in a cell outside, it needs to set up a proper working pressure. The valve working pressure was 
evaluated in this example, using PP film and aluminum foil 2c which carried out ultrasonic welding as an explosion-proof 
valve 3. Moreover, the cell equipped with the aforementioned explosion-proof valve 3 was produced, and the cell liquid spill 
examination and the overcharge safety assessment were performed. The evaluation result of a valve working pressure was 
shown in Table 3, and the cell liquid spill examination and overcharge safe sex-test result was shown in Table 4. In addition, 
after saving a liquid spill test method at -50 degrees C for 1 hour, it counted the number of the cell liquid spill articles after 
1000 cycles by making into 1 cycle the process saved at 100 degrees C for 1 hour. Moreover, the overcharge safe sex-test 
method checked the existence of the cell ignition when doing non-controlled 2C charge of the cell of a fiill charge state 
fiirther. 
[0028] 
[Table 3] 
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[0029] 


[Table 4] 




PPJBl 

Bu m 

45% 



10/im 
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60 /im 

0% 



100/im 

0% 



120 xim 

0» 
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0% 
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0% 
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0% 



[0030] By the thickness of 10 micrometers or less, the liquid spill of a cell has generated PP fihn and the aluminum foil fihn 
from Table 4. This is considered to have carried out the valve action by the generation of gas by disassembly of the minute 
amount moisture in a cell, decomposition of the electrolytic solution, etc. Moreover, by 100 micrometers or more of PP fihns, 
and 40 micrometers or more of aluminum foil films, it is thought that the laser- welding section 14 opened wide previously, 
and ignited rather than the valve action. From the above-mentioned result and Table 3, they are a working pressure 2-15 
kg£^cm2. It is a working pressure with an explosion-proof proper valve. 

[0031] Moreover, although PP film and the aluminum foil film were used in this example, a polyethylene-terephthalate resin 
film, a PFA film, PS film, and a PPS fihn are sufficient. 

[0032] (Example 4) The advantage which is carrying out the configuration which bent in the direction of a group of electrode 
1 1 as the lower insulating gasket 8 of the obturation board 2 showed drawing 1 is explained. In this invention, it is the 
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Structure of arranging a washer 7 through the lower insulating gasket 8, and closing by the rivet 5, and the lead 13 for 
negative-electrode current collection of a group of electrode 1 1 is welded to the aforementioned washer 7. Therefore, at the 
time of the fall shock of a cell, by the case where it falls especially for inversions, a group of electrode 1 1 may shift to the cell 
upper part, the lead 13 for riser negative-electrode current collection may bend, it may eat into a group of electrode 1 1, or a 
case 1 may be contacted, and internal short-circuit may be caused. By arranging the lower insulating gasket 8 between a group 
of electrode 1 1 and the obturation board 2 to it, a group of electrode 1 1 shifts, a riser is suppressed, and it is thought that the 
safety of a cell is securable. 

[0033] In this invention, in the time of a fall shock etc., the plate shifted by carrying out the configuration which bent in the 
direction of a group of electrode 1 1 so that the metal washer 7 which the lower insulating gasket 8 connects with the lead 13 
for negative-electrode current collection of a plate electrically as shown in drawing 1 might be surrounded, and the riser is 
suppressed. The fall impact test of a cell was performed by the case where it does not prepare with the case where the bending 
section of such a lower insulating gasket 8 is prepared, and the result was shown in Table 5. In addition, the fall impact test 
method of a cell counted the internal short occurrences of the cell when making a cell upside-down and falling 20 times on 
concrete from a height of Im. 
[0034] 





0% 

ML 

60% 


[0035] The way in which the bending section of a lower insulating gasket was prepared so that more clearly than Table 5 can 

improve the reliability of a cell. 

[0036] 

[Effect of the Invention] According to this invention, the explosion-proof valve gear for nonaqueous electrolyte cells which 
has the high safety which could discharge gas with a sufficient precision to elevation of the cell internal pressure in misuse, 
the unusual situations, etc. of a cell, such as a short circuit, overcharge, and reverse charge, and was excellent in liquid 
spill-proof nature, and reliability can be offered as mentioned above. 


[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] A group of electrode, the case where the electrolytic solution is held in the interior, and the obturation board that 
obturated opening of the aforementioned case and was equipped with the explosion-proof valve. The up insulating gasket 
made of a resin which insulates the rivet which serves as the terminal arranged by the aforementioned obturation board, and 
the aforementioned obturation board and the aforementioned rivet. The lower part of the aforementioned rivet is equipped 
with the metal washer which connects electrically the aforementioned rivet and the lead board of like-pole nature through the 
lower insulating gasket made of a resin, the aforementioned obturation board The explosion-proof valve gear for nonaqueous 
electrolyte cells constituted by preparing the hole for explosion-proof valves in the cover plate, and covering the lower part of 
the aforementioned hole for explosion-proof valves by the resin film. 

[Claim 2] An up insulating gasket is an explosion-proof valve gear for nonaqueous electrolyte cells according to claim 1 
which is the quality of the material chosen from a perfluoro-alkoxy fluororesin, polysulphone resin, and the 
polyphenylene-sulfide resin. 

[Claim 3] A lower insulating gasket is an explosion-proof valve gear for nonaqueous electrolyte cells according to claim 1 
which is the quality of the material chosen from a perfluoro-alkoxy fluororesin, polysulphone resin, and the 
polyphenylene-sulfide resin. 

[Claim 4] A lower insulating gasket is an explosion-proof valve gear for nonaqueous electrolyte cells according to claim I 
which is carrying out the configuration which bent in the direction of a group of electrode so that the metal washer electrically 
connected with the lead for current collection of a group of electrode might be surrounded. 

[Claim 5] The resin fibn arranged by the lower part of the hole for explosion-proof valves is an explosion-proof valve gear for 
nonaqueous electrolyte cells according to claim 1 which is one kind of quality of the material chosen from a 
polyethylene-terephthalate resin, a perfluoro-alkoxy fluororesin, polysulphone resin, and the polyphenylene-sulfide resin, 
[Claim 6] It consists of thickness of 10-100 micrometers, and the resin film arranged by the lower part of the hole for 
explosion-proof valves is 2 - 15 kgC^cm2. Explosion-proof valve gear for nonaqueous electrolyte cells according to claim 1 
fractured by pressurization. 

[Claim 7] It is constituted by the explosion-proof valve of an obturation board wearing only the lower part of the hole for 
explosion-proof valves prepared in the cover plate with an aluminum foil, and wearing the whole inferior surface of tongue of 
a wrap or a cover plate with an aluminum foil, the aforementioned aluminum foil consists of thickness of 10-40 micrometers, 
and it is 2 - 15 kgf'cm2. Explosion-proof valve gear for nonaqueous electrolyte cells according to claim I fractured by 
pressurization. 

[Claim 8] It is constituted by wearing with an aluminum foil in ultrasonic welding, and wearing the whole inferior surface of 
tongue of a wrap or a cover plate only for the lower part of the hole for explosion-proof valves by which the explosion-proof 
valve of an obturation board was prepared in the cover plate with an aluminum foil in ultrasonic welding, the aforementioned 
aluminum foil consists of thickness of 10-40 micrometers, and it is 2 - 15 kgfi^cm2. Explosion-proof valve gear for 
nonaqueous electrolyte cells according to claim 1 fractured by pressurization. 

[Claim 9] The explosion-proof valve gear for nonaqueous electrolyte cells according to claim 1 made to deform the hole 
upper surface for explosion-proof valves into the upper surface of the hole for explosion-proof valves of an obturation board 
so that it may have the needlelike height which projects in the direction of a center of the aforementioned hole for 
explosion-proof valves. 

[Claim 10] The explosion-proof valve gear for nonaqueous electrolyte cells according to claim 1 which welded the metal plate 
which has a needlelike height in the direction of an inferior surface of tongue of the aforementioned hole for explosion-proof 
valves to the upper surface of the hole for explosion-proof valves of an obturation board. 


[Translation done.] 


